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CHAPTER  Vn 

EXAMINATION.  OF  THE  HEAT  RESISTANCE  OF  ALLOTS  OF  THE  SXSTEM 
Al-Cu-Mg-Si-Mn-Cr-Ti  AND  OTHERS 

I.  Fundamontal  Concepts  Used  As  Basis  For  the  Dovelopnient  ■ 

of  the  AL20  Alloy* 


It  was  shown  in  the  study  of  V.  A.  Livanov,  D.  A.  Petrov,  V.  P.  Kozlov-  > 

skaya  and  Ye,  I,  Kutajrtseva,  carried  out  in  194^,  that  an  alloy  of  the  system  | 

Al-Cu-Mg  on  a  base  of  solid  aluminum  solution  and  containing  copper  and  ! 

jpagnesium  in  quantities  corresponding  to  the  ratio  of  these  elements  in  the 
S(Al2CuMg)  phase  has  the  highest  short  time  heat  resistance  of  all  the  alleys  ■ 

of  this  syfctem  at  terperatures  of  250-300°C,  Therefore  'an  alloy  with  a  con-  1 

tent  of  up  to  5/0  copper  and  1,7^  Mg  was  taken  as  the  basis  for  the  develop-  '  i 

ment  of  a  new  super  alloy  intended  for  prolonged  operation  at  250-300°C.  A  1 

higher  content  of  these  components  will  lead  to  a  reduction  of  the  allcy.‘-s  i 

ductility.  | 

i 

Alloys  of  this  system  cannot  have  good  casting  properties  because  their  ' 

base  is  a  solid  solution,  A  definite  amount  of  a  eutectic  (not  less  than  30^^)  ! 

is  needed  for  :mproving  their  casting  properties.  The  examined  alloys  were  ! 

alloyed  with  silicon  for  this  purpose.  It  was  assumed  that  elementary  silicon  i 

would  sharply  lower  the  alloy's  heat  resistance,  therefore  it  shoiild  parti¬ 
cipate  in  the  formation  of  stable  phases  of  a  cOB5)lex  composition^  ? 

The  invesoigations  showed  that  the  most  heat  resistant  phases  contain- 
phases  AlcSiFe,  Al4Si2Fe  and  iT  (AlgSi^jKg^Fe) ,  In  order 
to  form  these  phases,  iron  in  ratios  corresponding  to  the  composition  of  the 
^^SiFe  phase  or  the  phases  indicated  above  has  to  be  jointly  introduced  with  i 

into  alloys  of  the  system  Al-Cu-Mg,  The  content  of  each  of  them 
should  not  exceed  Z$  because  in  a  contrary  case  the  alloy's  ductility  is 
lowered,  . 


In  addition  to  I,  F,  Kolobnev,  D,  A,  Petrov,  G,  V,  Zakharova,  A,  V, 
Korobkov  and  V,  N,  Ozepetskovskiy  participated  in  the  development  of  the 
AL20  alloy. 
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AUoying  >dth  small  additions  of  mansanoso,  chro^um  and  titwiw  vas 

mads  uso  of  for  rsducing  the  struotuns  and  InOTsasi^  rsksU^e! 

These  addition  can  also  cause  an  increase  in  the  heat  resistance. 

The  chemical  coii5)Osition  of  the  examined  ^ 

The  test  specimens  of  standard  shape  were  prepared  by  ^e 

the  us^of  AOO  grade  aluminum.  The  test  results  ap  given  in  Table  71.  The 
ultimate  strength  of  the  alloy  increases  in  both  the  cast  as  well 
SS  trLtS  Ses  with  an  increase  in  the  copper  and 

M  ^rtsS  Lmplss  of  alloys  of  ths  systsm  Al-Ou-i^g  ol 

treated  condition  than  in  the  cast.  It  should  bo  noted  alloys  con 

t^rsmcontSrSon  in  a  ratio  corresponding  to  the  composltton  ^  toe 
AlcSiFe  phase  have  a  high  heat  resistance  in  the  cast  ^ 

higher  silicon  content  have  a  decreased  heat  resistance  which  is  ast, 
with  the  presence  of  elementary  silicon  in  them. 


Chemical  coiq)Osition  of  the  examined  alloys 


(l) 

(2) 

-CoACpwawHe,  yoa  OCTa/ibKoe  a/iWMHHHft 

HoVcif 

cnjiaaa 

Cu 

SI  1 

Fe 

Nl 

Ti 

1  1 

Cr 

Mn 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


2,22 

3.11  . 
4.46 

2.11 
3,32 
4.6 
3,78 
4,44 
3,53 
4.20 
3,03 
3,03 
3,22 
3,18 


0,76 

1.24 
1,67 
0,90 
1,32 
1,75 

1.25 

1.65 
1,30 

1.66 
1.27 
1,24 
1.14 
1,21 


1,35 

1,81 

1.42 

1.25 

1.26 
1,27 

1.37 
2,85 

5.37 
10,39 
10,25 


1,37 

1,52 

1.45 

1.31 

1,14 

1,30 

1.23 

1,35 

1,55 

1,25 

1,25 


0,2 

0.2 


0.2 

0,25 


0,18 

0.29 


MpAH^JHUHpOBaHHblft 

HeMOAH4>HUHpOBaHHblA 


(5)  npHMeM.HH,!.  I.  B  cn^iaDbi  K.  1-9  neAb  M  MarHH#  AoCaMMH  » 

^P"2““|7naaWlO-U  H  KpeMHHll  Ao8aBs,«K>TCH  .  cooTHomeH..« 

Al.SlFe.  .  _ _ _ 


COOTHOUJeHHHX 

oCpaaoBaHHH  4>a3 


Key^  l~Allpy  number;  2— content,  >  with  aluminum  remaindw;  3— raodi- 
^  fied;  ^-unmodified;  5— Notes.  1.  Copper  and  magnesium  was  ad¬ 
ded  to  alloys  1-9  in  ratios  corresponding  to  the  f ormtion  of 
the  SfAloI'IgCu) .phase.  2.  Iron  and  silicon  was  added  to  alloys 
10-14  in  ratios  corresponding  to  the  formation  of  the  Al2SiFe 
phase. 
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The  data  in  Table  72  attest  to  the  fact  that  alloys  7*  8,  9  10 

have  completely  satisfactory  mechanical  properties  at  room  and  elevated 
tenqperatures  in  the  cast  and  heat  treated  states;  alloy  No  7  is  the  most 
ductile,  it  was  therefore  taken  as  the  base  for  the  new  alloy  under  the 
designation  AL20  (V14A,)  and  it  was  checked  for  ultimate  strength  at  250°C. 


following  coii5)Osition  for  the  AL20  alloy  was  established  as  the  re 
suit  of  an  all  inclusive  investigation:  Cu,  0,7-1.25o  Mg,  1.5-2^  Si, 

1,2-1, 7^  Fe,  0,2-0, 355  Mn,  0,1-0,18  Cr  and  0,1-1,18^  Ti  with  the  remainder 
being  aluminum^  _ _ f  ^  O'- 


In  ratio  of  the  basic  components  of  copper,  magnesium  and  silicon  the 
AL20  alloy  is  found  [2]  in  the  region  S  -  Mg2Si  -  CuAl2  of  the  two  dim¬ 
ensional  cross  section  diagram  of  the  tetrahedron  Al-Cu-Si-l“Ig  (at  90/“  Al) 
shown  on  Figure  91* 


It  was  established  that  the  AL20  all<ty  with  an  addition  of  manganese, 
chromium  and  titanium  has  a  higher  heat  resistance  but  the  ductility  of  this 
alloy  is  lower  than  that  with  an  addition  of  titanium. 

Changes  in  small  additions  do  not  have  any  essential  effects  upon  the  en¬ 
gineering  properties  of  the  alloy. 


Table  71 


Mechanical  properties  of  the  alloys  as  a  function  of 
temperature  and  corposition 


CocTonmie  cn;iaDa 


(1) 

M 

0 

D 

K 

C 

u 

a 

4; 

a 

X 

A  HTOe 

(5) 

3aKa,neH»foe'i^  cctcctdchiio 

COCTapCMHOC 

- 

anKaflcMiioe  li'iiCKyccTDcmio 
COCTOpCHHOC 

MexaiiMMCcKHe 

CBOftCTOa 

^/npn  20®  C 

HOCTb 
iicnwTaHHfl 
npif  200®  C 
H  HanpH>KC- 
!  HHM 

6  Ke/MM'* 
Mac. 

MCXaHHMCCKtie 

CBOftCTBa 

/ ;npH  20®  C 

flJiJiTC.ab« 
QjMOCTb 
ircnbiTaiiiiA 
npii  300®  C 
H  Hanp«>Ke- 

HHH 

6  Ke/MM* 
Mac. 

MCXaHItMCCKlfC 

i-^'^rfp;!  20®  C 

n;iHTe.ab-/T  T  \ 

HOCTb 

HCHblTaHIlH 

npif  300®  C 

M  HanpH>Ke» 

HUM 

6  Ke/MM* 

\  Mac. 

Ke/MM* 

j 

8.  % 

% 

Ke/MM* 

% 

Ke/MM* 

8.  % 

•  I 

12 

1,37 

1,83 

19,6 

5,58 

6 

19,8 

2,4 

9 

2 

13,7 

0.75 

14,3 

20,8 

1.3 

33.5 

23,6 

1.2 

44,6 

3 

15,4 

0,27 

23,3 

22.5 

1,43 

45 

22.5  1 

0.75 

72,6 

4 

18,8 

2.1 

27,1 

21.4 

3,5 

31,5 

25,1 

— 

65,7  , 

5 

19,9 

1.9 

66,7 

21.6 

2,4 

70 

24,6 

1.5 

69,3 

6 

20,0 

0,9 

94,5 

22,7 

0,96 

82,7 

28,4 

0,3 

78,7 

■  7 

18,8 

1.57 

131 

25,9 

1,8 

113,3 

28 

i.i 

103 

8 

20,4 

1.33 

148 

23,4 

2,18 

138 

34,4 

0,85 

121 

9 

22.2 

1.0 

128 

25,6 

1.4 

115 

26 

1.2 

108 

10 

19,9 

0,8 

157 

22.7 

0,8 

134 

27.4 

0.7 

116 

11 

16,9 

0,45 

34 

25,6 

1,1 

33.3 

20,9 

0.5 

20,8 

12 

18,7 

0,5 

38 

19,85 

31,8 

24.0 

0.48 

20 

13 

16,7 

0,7 

28 

20,6 

15 

17,7 

— 

27,3 

14 

18,9 

0.5 

59 

19,9 

0.8 

24 

17,0 

0,2 

16 

Key:  1— Alloy  number;  2— Condition  of  alloy;  3"“Cast;  4— mechanical 
properties  at  20®C;  5“d.uration  of  testing  at  200°C  and  load  of 
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Key  to  Table  71  (continued) 

6  kg/mm^,  hours,  6— hardened  and  naturally  aged;  7—wechanical  proper¬ 
ties  at  20 ®C;  8— -duration  of  testing  at  300°C  and  load  of  6  kg/mm^, 
hours;  9— hai*<iened  and  artificially  aged;  10— mechanical  properties  at 
20°C;  11— duration  of  testing  at  300°C  and  load  of  6  kg/mm'^,  hours. 


The  AL20  alloy  is  almost  a  unique  alloy  -which  con-tains  up  to  1.?^  Fe 
as  the  basic  alloying  constituent.  Hence  its  application  in  industry  pro¬ 
motes  a  wider  use  of  secondary  alloys  and  industrial  scrap  -which  has  been 
con-taminated  wi-th  iron. 

Tables  72-7^  give  the  mechanical  characteristics  of  the  AL20  alloy  as 
a  function  of  its  condi-tion.  The  heat  resistance  of  the  AL20  alloy  is  ade¬ 
quately  high  in  bo-th  the  cast  as  -well  as  in  -the  hardened  and  ar-tificially 
aged  states.  It  should  be  noted  -that  during  short  time  tensile  testing  -the 
alloy  in  heat  treated  condi-tion  has  a  superiority  over  the  cast  alloy  only 
up  to  250°C.  At  higher  terperatures  the  tensile  strength  of  the  AL20  alloy 
in  bo-th  s-tates  is  practically  identical  whereas  -the  yield  stress  in  the  heat 
treated  condition  is  higher  at  all  test  -temperatures.  This  is  a  character¬ 
istic  peculiarity  for  all  multicomponent  allqjrs  -wi-th  a  strongly  alloyed  solid 
solution. 


Figure  91#  Two  dimensional  diagram  for  90^  Al  of  the  tetrahedron 
Al-Si-Cu-I'Ig*  , , , 


Table  72 


Duration  of  testing  in  hours  of  individually  cast  test 
specimens  of  AL20  alloy 


(1) 

HoMep 

cn;iaDa 

(9)  CocTOUHiie  cnjiana 

iZ)  ''"TO* 

. . _Cll 

saKa/icHHoe  h  HCKyccTDCHito  cocTapeHHoe 

nt^J^IIIMeCKHC  CBOflcTOa 
npH  20*  C 

(4) 

flilllTCJIbUbCTb 

HCnWTaHHft 

npH  250®  C 

9  Kef  MM* 

qac. 

. 

MCXaifHMiw 
npH  S 

le  CBoAcTsa 

0*  C 

{7) 

AJIilTe/IbHOCTb 
HcnbtTaiMffl 
npii  2  50®  C 

8  KefMM^ 
Mac. 

KlfMMT 

5.  % 

Ke/MM* 

5.  % 

■  1“ 

20 

1,8 

100* 

27,5 

1.3 

100* 

2 

18,2 

1.3 

100* 

28,4 

0,7 

100* 

3 

18,3 

1»6 

100^ 

28,4 

1.3 

100* 

4 

96 

_ 

— 

100* 

5 

— 

!00* 

— 

— 

100* 

6 

_ 

— 

— 

— 

— 

7 

_ 

— 

— 

—  ! 

— 

— 

8 

— 

— 

— 

— 

-  . 

— 

(8)*  0<Spa3Ubi  6mjih  chwtu  (Ses  paapyineHMH  h  nepeseACHbi  Hd  cJitAyiciuee  HanpnwcHiie. 


Key:  1— Alloy  number;  2— Cast;  3““®®ch^i^cal  properties  at  20®C; 
^-duration  of  testing  at  250°C,  9  kg/inra^,  hours; 

5— hardened  and  artificially  aged;  6~raechanical  prwerties 
at  20°C;  7— duration  of  testing  at  250 ®C,  fiTv  ^  kg/mra'^,  hours 
8~*  The  test  specimens  were  removed  without  failure  and  then 
carried  over  to  the  follovring  load;  9“-Condition  of  alloy. 


Table  73 


Short  time  testing  'of  AL20  alloy 


CocTosHiie  cnjiaea 


C- 

<U  H 
c  3 
s  c 

X 

(3)  ‘  flHTOfl 

3aKa.neHHbiA  h  hckycctbchho  cocTapcHHwfl 

j 

«• 

a( 

CO  k* 

uJ 

5^ 

-£V 

m 

at 

•  ai 

C 

0  « 

"4 

"at 
.  a? 

'  « 

UJ 

"at 

m 

at 

at 

CO  w 

•o 

•o* 

•1 

at 

0  « 

"at 

10 

20 

100 

150 

200 

250 

300 

17.2 
17,0 
16,7 

16.2 
15,0 
12,6 

17,3 

17.1 
16,75 
16,22 

15.1 
12,7 

0.4 

0,1 

0.1 

0.2 

0.7 

1,85 

0,3 

0,1 

0.1 

0,2 

0,6 

2.1 

5,0 

7.5 

7.0 

6,8 

4.2 

2.9 

13,88 

15,25 

14,40 

12,20 

8.9 

5.9 

7590 

7635 

6855 

6715 

6585, 

6300 

23.6 
21,75 

20.6 
20,8 
14,9 
12,7 

23.8 
22,0 

20.8 
21,2 
15,3 
13,0 

0,8 

0,9 

0,82 

1.5 

2.6 
3,4 

0,9 

1.1 

0.8 

1.4 

2,75 

7.1 

10.7 
10,45 
10,2 
10,0 

6.7 
6,5 

19.9 

17.6 

16.6 

17.9 
13,0 
11,0 

7070 

703S 

6670 

6590 

6300 

6020 

Key:  1— Test  tenperature;  ®C;  2— condition  of  alloy;  3— cast; 
^--hardened  and  artificially  aged. 
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Table  7^ 

Ultimate  strength  of  AL20  and  other  alloys  at  300°C 
(Individually  cast  test  specimens) 


(1) 

MapKa  cnjiaaa 

fO\  a^HTCJibHOCTb  HcnwTomtft  AO  pnspyiitciiHJi 
\^/  npM  Hanpii/KCMHH  6  Mac.,  u  cocToniiiiM 

(3) 

AHTOM 

aaik^CTinoM 

M  COCtapCMHOM 

AJll 

89 

125* 

114 

AJ13 

5 

4 

4 

A/15 

5 

8 

11 

AJ14 

1 

(6)  PaapytuHACJ^  npH  Harpy>KennH- 

A/120 

140 

125* 

115 

I  n  p  H  M  e  q  a  H  H  e.  Cn/iaa  A/120  TepMtiqecKH  o«pa6aTuaMH  no  5  s«a/iKy 

M  515®  C  B  TCMCHHC  3  NBC,;  BaKajIKB  B  BOflC;  CTapCHHC  npM  250  C  B  TQMeHMO  4  0  Mac. 


(8)  *  Chhtu  6c3  paspyiucHHn. 


2-3  1 

heat: 

Agin; 

a  tej 


i 


Key:  l~Designation  of  alloy;  2~Daration  of  testing  to  failure  at 
a  load  of  6  kg/mra^,  hours,  in  condition;  3~cast;  — hardened; 
5— hardened  and  aged;  6~Failed  at  load  of;  7— Note,  The  AL20 
alloy  >ias  heat  treated  according  to  the  regime;  heating  to 
belovr  hardening  at  515°C  for  3  hours;  water  quenching;  aging 
at  250 °C  ^or  10  hours;  8—*  Removed  without  failure. 


2,  Heat  Treatment  Conditions  For  the  AL20  Alloy 

The  optimum  heat  treatment  conditions  were  selected  not  for  the  purpose 
of  obtaining  casting  \dth  a  maximum  strength  but  rather  for  assuring  minimum 
volumetric  changes  in  the  parts  during  their  service  at  elevated  tempera t\»es. 
In  this  cas6  hardening  and  aging  with  the  attainment  of  a  maximum  str.ength 
are  harmful. 


The  heating  to  belo\7  hardening  was  gradual;  2-3  hours  at  $00  C|  then 
2-3  hours  at  515®C*  Under  conditions  of  slow  heating  to  $2$rQ  one  step 
heating  will  also  assure  high  properties.  Water  quenching  was  at  80-100  C. 
Aging  at  Z$0^C  for  10  hours. 

This  heat  treating  regime  assures  (for  individually,  cast  test  specimens) 
a  tensile  strength  of  25  kg/mm^  and  a  relative  elongation  of  1.5?^» 

Table  75 

Mechanical  properties  of  AI20  alloy  as  function  of 
heat  treatment  conditions 


(1) 

PeiKHM  TCpMHMCCKOfl  06pn60TK»t 


^2)^^cxanHMecKHC  CDortcTna 
Ke/MM*  5, 


(3)  . 

(4)  JlHTofi  +  OTjKHr  npH  250®  C  b  TeMCHiie  3  Mac.  .  . 

C5)  JflHTOft  +  OT^KHT  DpH  250®  C  B  TCMeHHe  35  Mac. 

(60  HarpeB  noA  aanajiKy  np»  520®  C  b  TCMCHHe 
3  Mac.  . . 

(7)  .  Harpee  noA  aana/iKy  npn  520®  C  b  TencHHe 

lb  Mac . . . 

(8)  Harpea  noA  aanajiny  now  520®  C  b  reMeiiHe 

10  Mac.  +  crapeHiie  npn  250*  C  b  TeMeiine  10  Mac. 

(9)  Harpee  boa  aanajiKy  npn  520®  C  b  TeMCHne 

10  Mac.  +  crapeHHe  npn  250®  C  b  TeMeinie  10  Mac.  . 

(10) HarpeB  noA  3aKa.nKy  npn  515®  C  b  TCMCHHe 

10  Mac. 

(ll}HarpeB  noA  aana/iKy  npii  515®  C  b  tcMCHHe 

10  Mac.  +  cTapeHiie  npn  250®  C  b  TeMCnne  5  Mac.  . 

(12) HarpeB  noA  3aKa.nKy  npH  515®  C  b  TCMCHHe 

10  Mac.  +  crapeHHe  npn  250®  C  b  reMenne  10  Mac.  , 

(13) HarpeB  noA  aanaAKy  npH  515®  C  d  reMeime 

.10  Mac.  +  crapeHne  npn  300°  C  b  reMenne  10  Mac.  . 

(l4}HarpeB  noA  saKa^KV  npn  515®  C  d  reMCHHe 

10  Mac.  +  crapeHiie  170*  C  b  reMenne  10  Mac.  .  .  . 

(15) HarpeB  noA  aana/iKy  npn  515°  C  b  reMCHne 

'  l6  Mac.  +  crapeHHe  170®  C  b  reMeHne  15  Mac.  .  .  . 

(16) HarpeB  noA  sanaAKy  npii  515°  C  b  leMeHHe 

10  Mac.  +  crapeHHe  npn  ISO"*  C  b  reMCHHe  10  Mac.  . 

(17) l-IarpeB  noA  3aKa.aKy  npii  515®  C  b  rcMeHHe 

10  Mac.  +  crapeHHe  npn  150®  C  b  reMCHiie  15  Mac.  . 

/n  o+larpcB  noA  sanaAKy  npH  515®  C  b  reMCHHe 

'13  Mac.  +  crapeHHe  npn  150®  C  b  rcMeHne  50  Mac.  . 

(19) HarpeB  noA  aanaAKy  npH  515®  C  b  reMCHHC 

3  Mac.  +  crapeHHe  npn  250®.  C  b  reMCHHe  5  Mac.  .  . 

(20) HarpeB  noA  sanaAKy  npn  515®  C  b  reMCHHe 

3  Mac.  +  crapeHHe  npn  250®  C  b  reMeHne  10  Mac.  . 

fElT^TyneHMaTHfi  pewuM  saKaAKii:  Harpea  npi!  500®  C 

'  B  ‘reMCHHe  3  Mac.  B  515®  C  3  Mac.  +  crapeHHe 
npH  250®  C  B  TCMCHHe  5  Mac . . 

(22tTyneHMaTbiH  pe>KHM  aanaAKH:  narpeo  npii  500®  C 
B  reMCHHe  3  Mac. +  520®  C  b  rcMCHHe  3  Mac.  +  cra- 
pcHHe  npH  150®  C  b  reMeHiie  35  Mac.  . 
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Key*  (Table  75) 

1— Heat  treatment  conditions;  2— Mechanical  properties;  3“-Cast; 

4— Cast  +  annealing  at  250®C  for  3  hoars;  ^-Cast  +  annealing  at 
2^0°C  for  35  hours;  6— Heating  to  belovr  hardening  at  ^ 

3  hours;  7— Heating  to  below  hardening; at  520  C  for  10  h^rs; 

8~Heating  to  below  hardening  at  520 °C  10 

250 °C  for  10  hours;  9~Heating  to  below  hardening  at  520  0  lor 

10  hours  +  aging  at  250 °C  for  10  hours;  10— HeaUng  ^ 

eninf^  at  515”C  for  10  hours;  11— Heating  to  belovr  hard,0MJa^  at  515 

for  10  hoSs  +  a-in-  at  250^C  for  5  hours;  12--Heating  to  below 

hardening  at  515^0  for  10  hours  +  aging  at  250^0  for  10  hours; 

13— Heating  to  below  hardening  at  515^C  10  hours  aging  ^at 

300°C  for  10  hours;  14 — Heating  to  below  hardening  at  515 
10  hours  +  aging  at  170°C  for  10  hours;  15--Heating 
ening  at  515®C  for  10  hours  +  aging  at  170°C  for  15  ho^s,  16  heat¬ 
ing  to  below  hardening  at  515°C  for  10  hours  +  aging 
lO^hours;  1?— heating  to  below  hardening  at  515  G  for  lOnours  + 
aping  at  150°C  for  15  hours;  18— Heating  to  below  terdening  at 
515^  for  13  hours  +  apin«-  at  I50OC  for  50  hours;  19— Heating  to 
S?o?r  hardo^g^?  515^0  for  3  hours  +  aging  at  250OC  for  5  hours; 

20 — Heating  to  below  hardening  at  515 °C  for  3  hours  aging  ^  |50 
for  10  hours;  21— Step  by  step  hardening  regime;  heating  at  500  t 
for  3  hours.  At  515®C  for  3  hours  +  aging  at  250°C  for  5 
22— Step  by  step  hardening  regime:  heating  at  500  C  for  3  hours 
520°C  for  3  hours  +  agifig  at  150°C  for  35  hours. 


3,  Mechanical  Properties  of  the  AL20  Alloy 


The  effects  of  low  teinperatures  on  the  mechanical  properties_of  the 
AL20  alloy  in  annealed  condition  after  casting  are  given  in  Table  7o. 

Table  76 


Mechanical  properties  of  AL20  alloy  at  low  teicperatures 
(according  to  S.  le,  Belyayev) 


(5)n  P  M  M  e  S  «  H  H  e.  7^:  -7"  -  »«'34>4'HHHeHTb.  AellCTBHB  HBApesa. 
K  >  , 


“nr" 

Bha 

odpaaua 

paxypa 

MCnWTaHHH 

Ke/MM* 

Sk  I 

Ke/MM* 

<('.  % 

1  ».  % 

fin. 

(2) 

rASflKHft 

+20 

•^40 

-70 

17.2 

17.6 

18.6 

17.7 

17.7 
18,6 

2.1* 

1.0 

0 

0.5 

0.2 

0 

— 

71377 

C  HflApe- 

30M 

+20 

—40 

—70 

16,1 

16.2 

16.6 

16,1 

16,2 

16,6 

0 

0 

0 

— 

0.935 

0,915 

0.890 

0.910 

0,915 

0,890 

Keyx  1— Type  of  sample;  2— Smooth;  3— Notched;  4— Test  temperature 

°C;  5— Note,  ^bj^  -  Those  are  the  coefficients  of  notch  eff® 


^ests  were  carried  out  for  tension  and  mechanical  shock  resistance  at 
a  ten5)eratxxre  of  +20,  -40  and  -70®C  on  small  and  notched  test  specimen^’^ 

The  san5)l0s  were  cooled  down  to  a  ten^erature  of  —70®  ^-lith  a  mixture 
of  carbonic  acid  and  acetone  and  were  then  held  at  the  test  ter^eratxire  for 
15  minutes. 

^  Fatigue  tests^>  were  carried  out  at  a  vibration  frequency  of  20  x  l6^ 
cycles  in  the  case  of  testing  at  normal  temperaturo/ii^The  fatigue  data  for 
the  AL20  alloy  in  coimarison  with  other  alloys  is  given \in  Table  77 • 

—1  ^ 

With  respect  to  fatigue  strength  at  20°C  the  AL20  alloy  is  not  inferior 
to  the  AlA  alloy  and  it  surpasses  the  latter  in  ultimate  strength  at  250  C 
(see  Table  7^)» 


Table  77 


Fatigue  test  data  for  AL20  alloy  in  con^arison  with  other  alloys 

(sand  cast  test  specimens) 


AU 
AL4  ■ 
AL5  ; 
AL20 


npoAC-fi  ycTnftocTi!  cn/iaoa  npii 
TCMncpaxypc.  **^0^  2 


UHK/IOO) 


20 

(3) 

JIHTOn 

20- JO* 

tcpmX^Jh  1 

oOpaOoraH- 

Horo 

4hk;iod 

(210’ 

AHK/IOb) 

_  1 

6.5 

.  — 

7.0 

7 

7^ 

Key:  1— Alloy  designation;  2— Alloy's  fatigue  limit  at  ten5)erature) 
OC,  Orj  2  kg/mm2;  3~Cast,  20  x  10"  cycles;  ^-Heat  treated 

(2  X  lo7  cycles). 


^  The  tests  were  carried  out  under  the  directorship  of  Ye.  S.  Belyayev, 
^  The  tests  were  carried  out  vinder  the  directorship  of  L.  S.  Zhukov. 
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Table  78 


Creep  test  data  for  AL20  alley  in  c<wi5)arison  with  other  alloys 


cnjisBa 

aa  lOO  Mac. 
npH  250°  C 
kzJmm} 

aa  lOO  Mac. 
npH  300°  C 

(3) 

cs 

g 

r 

*; 

JO  X 

Sox 

Z  n 
D.S  H 
J7  X  0 

P-  oO 

(6) 

1 

1  ^ 

i,C7) 

S'se 

a®  'O  ^ 

:Si5S.S 

ALl 

AL4 

AL20 

4,5 

6.2 

2.0 

3.0 

6.0 

3I 

3,0 
■  1.2 
2.4 
4,0 

Key:  1— Alloy  designation;  2— for  100  hours  at  250°C  kg/iiim^; 
3— Cast;  ^-Eeat  treated;  5"-aQ  2  hours  at  300®C 

kg/mm?;  6~Cast;  7— Heat  treated. 


The  minimum  creep  values  for  the  AL20  alloy  (with  <^0,2  “  hours)  in 
comparison  with  other  alloys  are  given  in  Table  78*  Data  for  prolonged  ten¬ 
sion  and  compression  tests  for  the  AL20  alloy  on  Individually  sand  cast  test 
specimens  are  given  in  Table  79» 


Table  79 

Data  for  tension  and  con^jression  tests  of  AL20  alloy  tost  specimens 


(1) 

(2) 

(3) 

a: 

X 

h) 

6  5] 

>nUi 

(55 

npe^^^cKy- 

MCCTM,  K^/MM*  HpH 

CoCTOflHMC 

cnJiBBa 

Bma 

HCnWTaHHB 

"at 

k! 

s? 

to 

5? 

®  CQ 

a 

a  X 
c:  X 

S  ft 

a(  . 

1 

ft 

CSI 

0 

0 

0 

b 

Vi 

0 

0 

b 

\ 

uj 

(8)  OtO/KHCCH- 

19.0 

19,5 

0.5 

2.4 

1.4 

7.8 

I5;0 

13,3 

12,0 

7080 

Hblfi 

U^CHHC 

npH  250°  C 

Ha  oKaTHe 

116,7 

5.12 

— 

56.0 

_ 

— 

6800 

B  TCMCHHe 

5  Mac 

(9)  noc.rie  3a- 

25.3 

13,6 

24.7 

21.7 

7080 

Ka;iKH  H 
CTapCHHR 

13^eHHe 

Ha  OKaiHc 

76,8 

38,7 

— 

— 

48 

— 

— 

— 

— 

— 

Key:  l--Condition  of  alloy;  2— Type  of  test;  3—^1  kg/mra^; 

kg/mm2  ture;  5~acceleration  test  in  ^  Ex?  6— Cpoportionalitv 
kg/mm^;  7— Yield  stress,  kg/ram^,  at;  8~annealea  at  250®C  for^ 

CT  M  A  ^  ^  _1__%  n  m  m.  A  ^  ^  A  m 


5  hours;  9— after  hardening  and  aging;  10~ tension;  11- 
sion;  12— tension;  13~~compression» 


-coiqpres- 
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The  ALSO  alloy  is  considerably  superior  to  the  AIA  and  AL5  alloys  and 
is  practically  equal  in  strength  to  the  ALl  alloy. 

Short  time  testing  of  the  ALSO  alloy  for  porUon  and  shear  are  given 
in  Table  80. 

Figure  93  shows  the  raicrostructures  of  the  ALSO  alloy.  Co^arative 
characteristics  of  the  basic  alloys  are  given  in  Figures  94  and  95* 

Table  80 


Results  of  portion  and  shear  tests 


(1) 

COCTOflHHC 


S  S  p 

**a?  u  S  \ 
it  2  L  5 


i 

5  jj  « 

lii^i 
"  2  ^ 
H  W  « 


(9)OTO>K>KeHHbiR  4,1  5,5  7,9  10,4  14,5  19,4  HO  14,5  2G60 

npn  250®  C 
B  TC^euHe 

a0)3««r,  -  11.9  -  17,7  -  25,6  -  17.6  2600 

H  COCTapeHHWft  _ _ — 


1— Condition  of  alloy;  3— <0=  IS  kg/mra^  with  consideration  of 
plastic  tortion;  3—'^  ”  with  consideration  of 

elastic  tortion;  4— 'c  =  IS  kg/mm^  maximum,  tanpntaal  stress, 
=  16  kg/irnn^  maxiraum  stress;  6-- average  angle  of  tortion, 

degrees;  r-'C  average  tangential  |or^5®hours- 

modulus  in  tortion  §  kg/mra^;  ^  3  h  \ir  , 

10— hardened  and  aged. 
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Figure  93.  Mcrostructure  of  the  AL20  alloy;  1  -  300OC;  2  -  350®C 
a  -  in  cast  state,  lOOX;  b  -  the  same,  500X;  c  -  in  hardened  and 
annealed  state,  lOOX;  d  -  the  same,  500X. 


It  was  established  as  a  result  of  the  examination  that  the  AL20  alloy 
surpasses  the  ALl  alloy  >rtth  respect  to  prolonged  heat  resistance  in  the 
cast  state  but  it  is  practically  equal  to  the  latter  in  the  heat  treated 
condition.  The  AL20  alloy  is  less  inclined  to  crack  forioation  during  cry¬ 
stallization  and  quenching  than  the  ALl,  AL7,  AL8,  AL9»  AL21  and  other  alloys 
(See  Figure  9^)* 

The  flowability  of  the  alloy  at  730-780®C  is  fully  adequate  for  the 
casting  of  complex  and  irregular  parts  (Figure  9^)» 

The  ability  to  retain  its  strength  in  relation  to  cross  section  thick¬ 
ness  is  higher  than  in  the  cases  of  the  ALl,  AlA,  AL7,  AL3»  AL8  and  AL12 
alloys  (Figure  9^)* 


W  MS  MS  MS  m2  M13M>  M70  Ml)  Ml  M3  MS  MU 
A/!t9  mi  T/O.  (5) 


(c)  . 

Figure  94,  Corparative  characteristics  of  the  alloys:  a  -  hot 
shortness  of  AL19  and  iU20  alloys  in  comparison  with  other  alloys; 
b  -  (retention  of  tensile  strength  in  the  alloys  witn  an  increase 
in  tlie  casting  diameter  from  I5  to  60  mm;  c  -  flo^'iability  Oj. 
alloys  at  700®C  teraperattu:*e,  1— widtlx  of  ring  producing  cracks, 
ram;  2~no  cracks;  3--length  of  cast  bar,  mm;  4— retention  of  ten¬ 
sile  strengtia,  5-“C9-st. 


The  parts  made  out  of  the  AL20  allqy  are  distinguished  by  a  high  air 
tightness  (water  pressure  above  100  at.  is  withstood  without  failure;. 


The  coefficients  of  thermal  expansion  and  heat  conduction  at  high  tem¬ 
peratures  are  pracUcally  tlie  same  as  those  in  the  AL4  and  AL5  alloys. 

The  mechanical  properties  at  room  temperature  in  the  cast  ^d  boat 
treated  states  are  practically  the  same  as  those  in  many  alJ-oys  (AL6,  AL9 
and  others)  with  the  exception  of  a  decreased  elongation  xn  cast  state. 


The  optimum  heat  treating  conditions  v^ich  have  been  developed  for  the 
AL20  alloy  assure  a  relatively  high  level  of  heat  resistance  ^th  retention 
of  satisfactory  strength  at  room  toirperature.  The  follovang  heat  treatment 
conditions  are  recommended  for  parts  vdiich  operate  at  elevated  temperatures. 

Keating  to  bolovr  hardening  at  515®C  for  3-5  hours,  i^ater  quenching  30- 
innor  and  ao’inp-  at  250°  for  5-10°  per  hour.  The  given  regime  provides  for 
a  tensile  strength  in  the  alloy  of  25  kg/ram?  and  a  relative 
less  than  l.OjS  as  well  as  a  rupture  strength  for  100  hours  at  300  of  5  kg/ 
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Figure  95*  Rupture  strength  and  creep  limits  for  the  alleys  at 
300°C.  The  creep  limit  is  cross  hatched;  the  ultimate  strength 
is  cross  hatched  and  unshaded;  increase  in  the  rupture  strengths 
at  optimum  chemical  conposition  —  dots  viith  the  arrotr  pointing 
upwards;  the  same,  reduction  —  arrow  noin  ting  dovmwards. 

1— Rupture  strength  and  creep  limit,  kg/mm^. 


CONCLUSION 

(a  generalization  of  the  source  material  as  well  as  the  cooprehensive 
material  in  the  present  work  make  it  possible  to  draw  a  conclusion  concerning 
the  possibility  of  the  development  of  still  more  heat  resistant  aluirdnum 
casting  alloys jthan  the  alloys  shown  in  Table  5 [for  prolonged  services  at 
teitperatures  of  0.8-0.85  from  their  absolute  melting  point The  following 
propositions  have  to  be  considered  in  the  development  ofTHoNnew  alloys: 

V 

1.  A  binary  system  should  bo  taken  as  the  basis  for  the  development  of 
a  new  highly  heat  resistant  casting  alloy.  This  system  should  have:  a)  a 
eutectic  with  a  high  molting  point;  b)  a  second  phase  whicli  practically  does 
not  react  with  aluminum  at  working  temperature, 

2,  The  melting  point  of  the  new  alloy  should  be  above  600®C  which  vdll 
enable  to  increase  its  working  temperature  to  h00-500°C, 

3*  The  alloy  should  contain  notlless  than  35i^  of  "the  eutectio  and  have 
a  relatively  narrow  interval  of  crystallization  (not  more  than  30®C)  in  order 
to  assure  high  casting  properties  and  to  obtain  extra  airtight  parts. 
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4.  The  basic  alloying  constituents  shovQd  be  the  elements  of  the 

transition  group  of  the  periodic  table  in  order  to  obtain  a  reUtivelj'  stable 
bs solid  solution  and  a  high  ten^^eraturo  eutectic.  The  most  suitable  are 
those  elements  which  have  a  low  coefficient  of  diffusion  in  aluminum,  a  hig 
melting  point  and  the  capability  of  forming  cojnplex  and  dispersed  decomposi¬ 
tion  products  at  working  temperatures  which  then  create  a  stable  microhe  er  - 
geneity  of  the  second  quarter  within  the  grains.  For  ^ 

tended  for  prolonged  service  at  400®C  should  be  alloyed  by  the  follo^.;^g 
most  effective  constituents;  cerium,  manganese,  chromium,  vanadium,  zirconium 
and  other  analogous  elements. 

5.  The  higher  the  alloy's  working  teii5)erature  to  a  greater  degree  is 

it  necessary  to  strengthen  the  grain  boundaries  with  phases  -> 

at  working  ten^ieratures  [for  instance  Al^CuCe,  Al8l-Iii4Ce,  Al3(hiCu)2,  AI0CU3N1J 
wliich  crystallize  in  a  branched  form  and  for  all  practical  purposes  do  not 
react  with  the  ^ solid  solution.  Generally  these  phases  form  a  stable  lattice 
blocking  the  grains  of  the  solid  solution. 

6.  The  sizes  of  the  particles  of  the  second  phases  as  well  as  ^heir 
quantity  should  not  be  very  high  so  that  a  concentration  of  stresses,  leading 
to  a  reduction  in  the  alloy's  ductility,  would  not  occur. 

The  size  and  quantity  of  the  particles  of  the  second  phase,  optimal  for 
a  given  alloy  and  service  conditions,  are  found  e3q)erimentally. 

Data  are  given  below  which  characterize  the  heat  resistance  of  the 
alloy  conroosition  as  a  function  of  the  nature  of  the  al3.oying  constituents, 
Silumin  typo  alleys  can  operate  for  a  long  time  only  at  temporatures  up  200- 
2?5°C  on  account  of  the  increased  diffusion  mobility  of  the  silicon  and  alu¬ 
minum  alloys.  Silicon  does  not  form  complex  con^sounds  with  aluminum  therefore 
the  formation  of  the  silicon  particles  proceeds  rather  rapidly  during  the  de¬ 
composition  of  the  '6.  solid  solution.  VJhen  the  Silvuidn  type  alloys  are  alloyed 
with  elements  of  the  transition  group  their  heat  resistance  is  raised  con¬ 
siderably.  This  is  explained  by  the  strengthening  of  the  2k  solid  solution 
and  the  grain  blocking  force  owing  to  the  formation  of  a  stable  framework  of 
complex  phases.  ExaD5)les  of  similar  alloys  are  the  alloys  AL25  (ZhLS-1)  and 
AL26  (VKZhLS)  vMch  are  used  for  the  pistons  of  automobile  and  tractor  en-^ 
gines.  It  is  of  advantage  to  employe  the  systems  Al-Mg  and  Al-Cu  as  the  base 
when  developing  a  high  strength  alloy  for  brief  service  at  elevated  tempera¬ 
tures  or  one  viiich  is  subjected  to  the  prolonged  action  of  low  gas  or  fluid 
pressures  at  temperatures  wliich  are  below  the  aging  temperatures.  The  alloys 
should  have  a  fine  grain  structure  with  a  minimum  quantity  of  particles  of 
second  phases  distributed  among  the  grain  boundaries.  The  degree  of  super¬ 
saturation  of  the  solid  solution  of  the  alloy  by  the  alloying  constituents 
should  be  maximum. 

The  most  suitable  systems  are  the  Al-Ce,  Al-C  and  Al-Ni  as  the  basis 
for  an  alloy  intended  for  prolonged  service  at  temperatures  around  400  C. 

The  alloy  structure  should  bo  multiphase  and  particles  of  the  second  phases 
should  reliably  block  the  grain  boundaries  of  the  solid  solution,  A  solid 
solution  should  answer  the  requirements  set  forth  in  section  4, 
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Tho  role  of  the  transition  type  alloying  constituents,  increasing  the 
interatomic  bond  and  stability  of  the  ^  solid  solution  of  aluminum,  can  be 
evaluated  by  Raynor's  data  (See  page  64),  The  pausitive  effects  of  the. 
transition  elements  on  the  heat  resistance  of  the  alloys  has  also  been  noted 
by  M.  V.  Zakharov  (page  64), 

The  data  of  our  investigations  confirms  the  very  positive  effect  of  the 
transition  group  elements  on  the  heat  resistance  of  aluminum  alloys  (page  64), 

Their  effects  can  basically  be  reduced  to  the  follovdng:  a)  strength¬ 
ening  of  the  interatomic  bond  otriing  to  the  con^jlexing  of  the  electron  struc¬ 
ture  of  the  multicoiqjonent  solid  solution  (a  partial  filling  up  of  the  elec¬ 
tron  shells  by  valance  electrons,  for  exarqile  d  in  the  case  of  atoms  of 
manganese,  chromium,  nickel  and  others)  as  well  as  the  loitr  mobility  of  the 
transition  element  atoms.  Presence  of  metallic  atoms  with  a  loi-:  coefficient 
of  diffusion  in  the  solid  solution  promotes  the  appearance  of  Cottrell  "at¬ 
mospheres,”  inhibiting  the  movement  of  dislocations;  b)  the  formation  of  dis¬ 
persed  particles  of  con5>lox  phases,  having  a  favorable  effect  upon  the  ori¬ 
gination  of  microheterogeneity  within  the  grains  of  the  solid  solution  and 
stable  at  worlcLng  temperatures;  c)  strengthening  of  the  grain  boundaries  by 
second  phases  'tdiich  crystallize  in  a  branched  form.  These  considerations 
found  confirmation  in  our  examinations  the  result  of  idiich  was  the  develop¬ 
ment  of  tho  ATsR2  alloy  operating  for  a  long  time  at  tenperatures  up  to  450°C, 
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Key  to  Appendix  1  (continued) 

preventing  deformation  of  the  grain  of  the  ^solid  solution;  12— 
Slight]^  stable  and  deficient  solid  solution  (with  a  content  of  up 
to  1.5;i  Si) ;  13— Silicon  particles  sphereodize  rapidly;  14— modi¬ 
fied  structure  less  heat  resistant  than  the  unmodified;  15— Si,  Mg2Si 
V/(Aljjl-Ig^Cuzj^ik)  (with  dopper  content  on  upper  limit  the  CaAl2  phase 
is  formed) ;  lo— Copper  and  magnesium  in  ratios  for  formation  of  S 
phase  (2,65  i  1)  create  a  more  stable  solid  solution;  17— Silicon 
particles  spherodize,  the  W(Al3^'Ig^Cu4Si/;.)  and  AlSiJ-InFe  phases  chanjje 
only  slightly  whereas  the  l'lg2Si  and  CUAI2  phases  react  completely; 
18~Structure  more  multiphase  than  that  in  AL5  alloy; 
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APPENDIX  I  (continued)  *' 
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APPENDIX  I  (continued) 
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APPENDIX  I  (continued) 
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Footnotes  foy  APPENDIX  I 

♦  Iron  bearing  phases  are  formed  when  the  alloys  contain  an  ^on  addi- 
tton:  formod  in  the  caee  «hen  there  le  an  addition  of 

silicon. 

»♦  The  lOYior  value  for  the  oltinate  strongth  pertains  to  the  la^lfl^ 
alloys.  mthTLganese  and  ewer  content  at  the  upper  Ivmt  the  AW  alley 

has  higher  indexes.  . 

The  higher  values  for  the  rupture  strength  pertain  to  an  alloy  con¬ 
taining  molybdenum. 
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APPENDIX  2  (continued) 
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Key  to  APPENDIX  5 


l~Allcys;  2— Tenperature  ®C;  3— Melting;  ^-Casting;  5-~Shrinkage,  ‘p; 
6--Flowability  at  700®C  (bar  test)  mm;  7— hot  crack  formation  tendency 
(band  vriLdth)  mm, 

10— Ma  chin  ©ability ;  11— Gas  saturation  tendency;  12— Corrosion  resis- 
tenco  and  protection  of  part  against  corrosion;  13— Recommended  areas 
of  prolonged  use  of  alloys;  l4a — Reduced;  14b— average;  15— Good; 

16— Average;  17— High;  18— Reduced;  19— Average;  20— Increased;  21— 
High;  22a— Satisfactory ;  22b— The  same;  23— Goodr  24— Satisfactory; 

25— Satisfactory;  26— Good;  27— Satisfactory;  28— Good;  29— Good; 

30— Satisfactory;  31— Reduced;  32— Satisfactory;  33— Raised;  34— Re¬ 
duced;  35— Lew;  36— Good;  37— Satisfactory;  38— Good;  39— Satisfactory; 
40— Average;  41— High;  42— Average;  43— High;  44^~Reducod;  45— Average; 
46— Very  Icnr;  47— Average;  48— Reduced;  49— Higher  than  in  All  alloy; 
5O— Increased;  51— Higher  than  in  All  alloy;  52— Reduced;  53— Raised; 
5^-Reduced;  55— Pistons;  58— Cylinder  heads  and  other  coiiponents  from 
which  an  augmented  airtightness  and  sufficient  strength  up  to  275°C  is 
required;  57— The  same  for  the  operation  of  the  parts  up  to  a  tenpera- 
ture  of  225 °C;  58— The  same  for  the  operation  of  the  parts  to  a  tempera¬ 
ture  of  250^0 ;  59— Pistons  for  engines  with  a  horsepovror  below  100; 

60—  Pistons  and  cylinder  heads  operating  up  to  tenperatures  of  275°C; 

61—  The  same;  62— Heavily  loaded  parts;  63— For  parts  operating  up  to 
275®C  requiring  an  augmented  airtightness;  64— Pistons  and  parts  operat¬ 
ing  at  temperatures  up  to  325°G;  65— Pistons  and  parts  operating  at 
tenperatures  up  to  350°C;  66— For  airtight  components  operating  at 
tenperatures  up  to  400®C;  67— Note,  The  shrinkage  can  be  2-2,5^  during 
the  casting  of  tubular  shaped  big  parts. 
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APPSl^DIX  6 


Physical  properties  of  aluminum  casting  alloys 


- - 

(1)  1 
CnJiafihi 

-(2t— 

riAOTHOCTk 

ilCPr 

TCpMHMCCKOrO  1 

pacujitpciiHR,  a.  ^ 

rcn/Jonf/obOA»oCTb  ^ 

KQAlCM'CeK,  ®C 

ACKTparonpOTiin* 
JIC.IMC,  p, 

AU 

2.75 

22,3. 10-®  (20-100*  C) 
24-4- 10“®  (20—300°  C) 

0,31  (25°  C)  ' 
0.37  (300° C) 

3,0528  (20°  C) 

AL3 

2.7 

22.10“®  (20-100°  C) 

24. 10"®  (20-300°  C) 

0,39  (25° C) 
0,38  (300°  C) 

0,0449  (20°  C) 

AL5 

2.68 

23, 1- 10“®  (20-100°  C) 
24.10"®  (20-300°  C) 

0,38  (25°  C) 
0.42  (300°  C) 

0.0462  (20° C) 

.  AL9 

2.78 

19,5.10"®  (20-100°  9 
25,6.10"®  (20-300°  C) 

0,25  (25°  C) 
0.34  (300°  C) 

0.0595  (20°  C) 

^0 

2.74  ' 

18,1.10"®  (20-100*9 
23,6. 10"®  (20-300°  C) 

0.31  (30° C) 
0.35  (300°  C) 

0,0518  (20° C) 

AL21 

2,83 

22,9.10"®  (20—100°  C) 
27,8.10"®  (20— 300°  C) 

0.27  (30°  C) 
0,3  (300° C) 

t 

0;0572  (20°  C) 

VALl 

2.89 

23.8. 10"®  (20-100°  9 

1  28,7-10"®  (20-300°  C) 

0.32  (100°  C) 
0,37  (300° C) 

0,0545  (20° C) 

ATsRl 

2.8 

23,6.10"®  (20-100°  9 
26,7.10"®  (20—300° C) 

0,23  (25°  C) 
0,27  (300°  C) 

0.053  (20°  C) 

AUOV 

2.78 

22,3. 10"®  (20—100°  C) 
24,4- 10"®  (20—300°  C) 

0.40  (25°  C) 
0,42  (300°  C) 

0,046  (25° C) 

•AL21 

2,72 

19- 10"®  (20-100°  C) 

20,5. 10"®  (20—300°  9 

0.38  (25°  C) 
0,38  (300°  C) 

0.050  (25° 9 

AL26 

2,68 

iV.0. 10"®  (20— 100°  C) 

19,0. 10"®  (20-300°  C) 

0.40  (25° C) 
0,42  (300°  c; 

0.058  (025°  C) 

1 

B  CKoSKax  Aa„a  TeMnepatypa  hah  HKTCpaa.  TeMncparyp.  »  KOxopOM 
(icAC^eirO  9TO  CBOftCTOO. 


- -  . 

-AU.ys,  2-0enslty  g/o.n2;  3-Cc.offi=ie„t  of 
.  •  iK.- Thermal  conductivity  X  cal/cm.sec,  °C,  5— Sle°tracax 
a-istance  P  .  cm-nun^/m;  6— Note.  The  parentheses  contain  tern 
w  tie  to.nperaturo  interval  in  vidch  this  property  was 

otormined. 
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